l-Chlorophospholene-l-sulfi.de Isomers, 1-Hydroxyphospholene-l-sulfide Isomers, NMR, Mass Spectra, IR A mixture of the two isomers of 1-chlorophospholene-l-oxide, obtained by a one-step, high-yield procedure reported previously 1 , upon reaction with P4S10 was converted to a mixture of the two isomers of 1-chlorophospholene-l-sulfide which may be separated by spinning-band distillation. The thus obtained isomerically pure 1-chlorophospholene-1-sulfides were hydrolyzed to the corresponding 1-hydroxyphospholene-l-sulfides. These, as well as the precursor chloro compounds, were characterized by iH, 13 C, and 31 P NMR, mass spectrometry, and IR.
Introduction
This paper reports the preparation and separation of isomerically pure samples of the two isomers of 1-chlorophospholene-l-sulfide from a mixture of the corresponding 1-oxides and their definitive analytical and spectroscopic characterization. Also reported is the hydrolysis of the isomerically pure 1-chlorophospholene-l-sulfides to the corresponding 1-hydroxyphospholene-l-oxide isomers and the characterization of the latter.
Results and Discussion
Although several methods to synthesize 1-chlorophospholene-1-sulfides have been reported, it is difficult to judge whether isomerically pure species were obtained in these studies due to a lack of complete physical characterization of the products. The above methods include the reaction 2 of the adduct of butadiene and PC13 with RSH (37.4% yield), the cyclo-addition 3 of butadiene and RSPCI2 (no yield given), the reaction 4 -5 of 1-chlorophospholene-l-oxides with P4S10 (50 and 56% yield, respectively), and the very elegant synthesis 6 from butadiene, PC13 and P4S10 (67% yield).
In this paper we have prepared a mixture of the two isomers of 1-chlorophospholene-l-sulfide in 71 % over-all yield by reacting a mixture of the two 
1a lb
isomers of 1-chlorophospholene-l-oxide 1 with P4S10, similar to the method described in ref. 4 -5 .
The isomer ratio 2-isomer/3-isomer in the starting mixture of 1-chlorophospholene-l-oxides was 59.4/ 40.6, whereas this ratio in the resulting 1-chlorophospholene-1-sulfides was 49.6/50.4. This shift in the isomer distribution may have been caused by either partial isomerization during the reaction or by preferential degradation of the 2-isomer to form the dark-brown distillation residue.
Separation of the resulting mixture of 1 a and 1 b was accomplished by slow spinning-band distillation, a procedure which yields isomerically pure samples of both isomers in high yield.
Hydrolysis of the thionophosphinyl chlorides, 1 a or lb, respectively, resulted in the corresponding 1-hydroxyphospholene-l-sulfides, which, accordingly, are phosphinothioic acids. Only l-hydroxy-3-phospholene-1-sulfide was reported previously 3 , however, without detailed characterization. The analytical and physical data of the above compounds are summarized in Table I .
NMR Data
The proton NMR data of 1 a and 2 a summarized in Table II show multiplets for the CH and CH2
protons. This clearly supports the structure as that Quantitative proton NMR of the olefinic protons was used to determine the isomer distribution in a mixture of isomers of the above compounds. As seen in Table II , the upfield peak of the CH doublet of the 3-isomer is well separated from the multiplet of the CH protons of the 2-isomer. Consequently, the percentage of 3-isomer in a mixture of the 2-and 3-isomers equals the area of the upfield peak of the CH doublet of this isomer multiphed by 200 and divided by the total area of the olefinic protons.
This method is quite accurate and its validity was confirmed by 31 P NMR and gas chromatography. the spectra of the 3-phospliolene structures (coupling with 3 proton environments) are simpler than those of the 2-phospholene structures (coupling with 6 proton environments). The spectrum A in Fig. 3 represents 1 b and consists of a triplet of triplets of triplets with 2 J pen a = 13 Hz, 2 JPCHB = 2.4 HZ and 3 JPCCH = 36.6 Hz, with the latter value agreeing with the corresponding data obtained from the proton spectra for lb in Table II . A basically similar spectral pattern is seen for 2 b in spectrum A of Fig. 4 , although at first glance it appears quite different from that of lb. The coupling constants of the triplet of triplets of triplets are 2 JPCHA = 13 HZ, 2 «7PCHB = 6-5 Hz, and 3 JPCCH = 32.5 Hz with the latter value again agreeing very well with the corresponding value of 2 b from the proton data in Table II . The fewer lines (17) seen in the 31 P spectrum of 2b compared to that of lb (27) are a result of overlap due to the accidental relationship of the coupling constants for the CH2 and CH protons expressed by | 2 JPCHAI -2 | 2 JPCHBI an d | 3 «/PCCH| = 5 | 2 JPCHb|-The calculated 31 P NMR spectrum of 2b is shown in Fig. 5 . The pattern seen for both of the above compounds is in agreement with the non equivalance of the protons in the CH2 groups.
The spectra B in Figs. 3 and 4 are quite complex, as anticipated from the expected multiplicity. Owing to a differing set of coupling constants the pattern of la differs considerably from that of 2a. The chemical shifts of the four phospholene derivatives are listed in Table II and are at significantly lower fields than normally is found 7 for other thionophosphinyl chlorides (ca. -60 to -100 ppm) or phosphinothioic acids [e.g., terf-C4Hg(CH3)P(S)OH: -103.9 ppm] 8 . This effect may be attributed to distortion of the tetrahedral bond angle on P due to ring strain. The 13 C NMR chemical shifts of the compounds described in this paper are summarized in Table III . All 13 C NMR peaks are doublets due to i 3 C_3ip nuclear spin coupling. The olefinic carbons are easily identified by their high shift (low shielding) with, in the case of the 2-isomers, the signal having the larger i3Q_3ip coupling being assigned to the olefinic carbon atom next to phosphorus. Similar reasoning applies to the saturated carbon atoms C3 Table III. and C4 in the 2-isomer with the doublet having the larger 13 C-31 P coupling constant being assigned to the carbon atom bonded to phosphorus. For botb isomers the corresponding 13 C NMR shifts for X = Cl appear at lower field than those for X = OH, with the i3(3-3ip coupling constants of the carbon atoms next to phosphorus for both isomers being larger for X = OH than for X = Cl.
Mass Spectra
The cracking pattern of the two isomers of 1-chlorophospholene-l-sulfide in Fig. 6 
IR Spectra
The absorption bonds due to the C=C valence vibration and the P=S stretching vibrations are summarized in Table IV . As shown previously for other phospholene derivatives 1 , the 2-isomer in each case has a lower vc=c absorption than the corresponding 3-isomer which is probably due to the influence of the PS group. 
Experimental
Materials. The mixture of isomers of 1-chlorophospholene-l-oxides was prepared by the method reported 1 earlier; P4S10 was obtained from Fisher Scientific.
Instruments. The 60 MHz proton NMR spectra were obtained on a Varian T-60 Spectrometer, 270 MHz spectra on a Bruker HX 270 Spectrometer, 31 P NMR data on a Varian HA-100 Spectrometer operating at 40.5 MHz, and 13 C NMR data on a Bruker WH-60 at 15.09 MHz. Mass spectra were recorded at 70 eV on a Varian MAT CH-7 spectrometer with the probe temperature at 25 °C and the source temperature at 250 °C. IR spectra were recorded on a Beckman IR-12 spectrometer.
Preparation of 1-chlorophospholene-l-sulfides. A quantity of 100.5 g (0.79 mole) of a mixture of 40.6% l-chloro-3-phospholene-l-oxide and 59.4% 1-chloro-2-phospholene-l-oxide, and 34 g (0.077 mole) of P4S10 in 200 ml of toluene were mechanically stirred and refluxed for 5 V2 hours. A 31 P NMR spectrum of the solution taken at this point indicated that all of the 1-chlorophospholene-l-oxide had been converted to the corresponding sulfide. After filtration from the solid reaction products and removal of the solvent, the resulting mixture was distilled (b.p. 50-65°/0.5 mm) to give 79.3 g (0.60 mole) (71% yield) of a mixture of the two 1-chlorophospholene-l-sulfides consisting of 50.4% 3-isomer and 49.6% 2-isomer. 
